Background Some gastric adenomas may progress to adenocarcinoma in a short time, but others remain as adenoma for a long time. Methods Among 1138 cases diagnosed as adenoma by biopsy at Kure Medical Association Hospital between 1990 and 2010, 51 adenomas were enrolled. Of these, 28 adenomas (group A) were followed for 60 months or longer with no progression to adenocarcinoma within 60 months, and the other 23 adenomas (group B) were upgraded to carcinoma by consecutive biopsies performed within 1 year after the first biopsy. These adenomas were compared clinicopathologically and immunohistochemically. Results Macroscopically, the mean size of group B adenomas was significantly larger than that of group A adenomas (18.6 vs. 9.9 mm) at the first biopsy. The frequency of a depressed area in the adenoma was significantly higher in group B than group A. Microscopically none of group A but 7 (30.4%) of 23 group B adenomas showed severe atypia. Each of a highly proliferative gland measured by Ki-67 labeling, cellular atypical grade, gastric phenotype defined by MUC5AC and MUC6 and CD204-positive tumor-associated macrophage (TAM) was a significant risk factor for adenocarcinoma development in gastric adenoma by univariate analysis. Only moderate or severe atypia of adenoma cells and the TAM number in the stroma of adenomas were independent risk factors by multivariate analysis. Conclusions As independent risk factors, cellular atypia may reconfirm the importance of morphological analysis, and the TAM number may indicate the significance of TAM function in gastric adenoma.
Introduction
The World Health Organization (WHO) defines gastric adenomas as polypoid lesions composed of tubular and/or villous structures lined by dysplastic epithelium [1, 2] . They are divided into two grades, low or high. Adenomas with mild to moderate atypia are classified into low-grade, and with severe atypia considered high grade. They occur spontaneously or in the context of familial adenomatous polyposis (FAP). The prevalence of gastric adenomas is reported at between 0.65 and 3.75% of healthy people in western countries and 9-72% in Asia [3] [4] [5] . Gastric adenoma can occur anywhere in the stomach, but most commonly in the antrum [6] . Most are found incidentally during endoscopic screening examinations.
Several studies have reported that most adenomas have an intestinal phenotype and only a few adenomas have a gastric phenotype [7] . Although gastric adenoma is regarded as a benign epithelial tumor, some adenomas progress to carcinoma in a short time, whereas others remain as adenoma for a long time [8] . Although an adenoma-carcinoma sequence has been speculated as a course of carcinogenesis in gastric intestinal-type carcinoma, estimates vary. This uncertainty arises from a wide difference in diagnostic criteria [9, 10] , the selected population, followup period, etc. Small biopsied specimens may sometimes result in misdiagnosis as adenomas that have synchronous adenocarcinoma in parts. Only a few studies have done long histological and immunohistochemical follow-up studies to evaluate gastric adenoma and its pathological and clinical significance [11, 12] .
Previous studies have suggested that depressed type, larger size, surface appearance with erythema, unevenness, ulcer or erosion, and a villous structure on biopsy specimens are prognostic factors for an upgraded diagnosis in patients with low-grade adenoma [13] . The risk of malignant transformation increases with pathological grade. The rate of malignant change of low-grade adenoma has been reported as between 3-9 and 60-85% for high-grade adenoma [10, 12, [14] [15] [16] [17] [18] . These previous studies focused only at the point when diagnosis of carcinoma was made and not from early on. We tried to clarify the malignant potential of adenomas by focusing on an earlier time point. A long observation period may provide new knowledge about which time point is important to focus on.
The molecular characteristics of adenoma, especially of the biopsy specimen, have not been fully elucidated. Currently, there is no biomarker that distinguishes an adenoma with malignant potential from immutable adenoma. Cancer stem cells (CSCs) are known to promote cancer metastasis, chemoresistance and relapse in a variety of cancers [19] . Little has been reported on the role of CSCs in an adenoma-carcinoma sequence. Tumor-associated macrophages (TAMs) have been reported in tumorigenesis, angiogenesis, matrix remodeling and metastasis in cancer tissues [20, 21] . They have a prognostic impact on cancers of the breast, lung, prostate and pancreas [22] [23] [24] [25] . However, the role of TAM in gastric adenoma is not known.
In the current study, biopsy samples were obtained at Kure Medical Association Hospital. Patients were identified from a private clinic in Kure City and were followed up by these private clinic physicians. These physicians tend to follow-up on gastric adenoma once or twice in 1 year while it is a benign lesion. Patients were Kure City citizens and would not move to other hospitals. The characteristics of these physicians and patients facilitated long-term follow-up in the present study. We compared adenomas that remained as adenoma for a long time with adenomas that progressed to carcinoma in a short time and identified risk factors of adenomas that progress to adenocarcinoma in a short time or that harbor adenocarcinoma synchronously.
Materials and methods

Adenomas
Among 1138 biopsied cases diagnosed as tubular adenoma at Kure Medical Association Hospital between 1990 and 2010, 51 adenomas were enrolled. The patients were 31 males and 20 females. The age of the patients at the time of the initial diagnosis ranged from 48 to 92 years old, with a mean age of 70 years. Twenty-eight adenomas (group A) were followed for 60 months or longer with no progression to adenocarcinoma within 60 months. Twenty-three adenomas (group B) were upgraded to carcinoma by a consecutive biopsy performed within 1 year after the first biopsy. Adenomas of the two groups were compared clinicopathologically and immunohistochemically. The study protocol was approved by the Institutional Review Board of Kure Medical Association Hospital.
Evaluation of clinicopathological features
The clinicopathological features of the adenomas were investigated retrospectively from endoscopic and pathological records: gender, age at the initial biopsy, follow-up period, size, location, shape, atypical grade and morphological change. Twenty-five adenomas were measured by physicians, but others had no information about size in the endoscopic records. All adenomas were stratified into two groups: smaller than 10 mm or not according to the schema on the endoscopic records. The stomach was anatomically divided into three portions: upper (U), middle (M) and lower (L) [26] .
Evaluation of pathological features
All adenomas were examined macro-and microscopically through endoscopic biopsy. Follow-up biopsy specimens were taken from the same region where the gastric adenoma had initially been diagnosed and confirmed by macroscopic figures through endoscopic observation (Fig. 2) . Biopsy specimens were fixed in a 10% buffered formalin briefly after the tissue was taken and embedded in paraffin. Hematoxylin and eosin-stained specimens of 3-4 lm thickness were prepared in a routine procedure. Pathological diagnoses were based on the 14th edition of the Japanese Classification of Gastric Carcinoma and the 4th edition of the WHO Classification of Tumors of the Digestive System. Diagnosis of low grade was made for mild to moderate cellular atypia, with larger than normal nuclei, elongated and stratified, but stratification was not higher than the basal 1/2 of the cells. Architecturally, low-grade adenomas have tubules of relatively uniform shape and size. Diagnosis of high grade was made with more pleomorphic nuclei and stratification closer to full thickness; there was more variation in cell size and shape. Architectural disorganization comes along with great variation in tubule size. The diagnosis of carcinoma was made only when cellular/nuclear atypia or glandular structures demonstrated a histological appearance sufficient for the diagnosis [27] . When there were several biopsy specimens from the same tumor, the strongest atypical grade was regarded as its diagnosis. Original diagnoses were made by one authorized pathologist (KT) with no immunohistochemical analysis. For the present study, each biopsy specimen was reviewed separately by two authorized pathologists (KK and KT) who had no information about the original diagnosis with an interval of at least 10 years from the original diagnosis.
Antibodies and immunohistochemistry
Continuous 3-4-lm-thick slides were used for immunohistochemical study as reported previously [28] . The antibodies for Ki-67 (clone MIB-1, monoclonal, diluted 1:50; DAKO, Glostrup, Denmark), p53 (clone DO-7, monoclonal, diluted 1:50; DAKO), CD10 (clone 56C6, monoclonal, diluted 1:100; Novocastra, Newcastle, UK), MUC2 (clone Ccp58, monoclonal, diluted 1:100; Novocastra), MUC5AC (clone CLH2, monoclonal, diluted 1:100; Novocastra), MUC6 (clone CLH5, monoclonal, diluted 1:200; Novocastra), CD204 (clone SRA-E5, monoclonal, diluted 1:200; Transgenic, Tokyo, Japan), ALDH1 (clone 44/ALDH, monoclonal, diluted 1:400; BD Biosciences; San Diego, CA, USA), CD44 (clone DF1485, monoclonal, diluted 1:800; Novocastra) and Olfactomedin 4, which were kindly provided by Prof. Wataru Yasui (Department of Molecular Pathology, Hiroshima University Institute of Biomedical and Health Sciences, Hiroshima, Japan) [29] , were used as the primary antibodies to detect corresponding protein expression. Immunohistochemistry (IHC) for Ki-67, p53, CD10, MUC2, MUC5AC, MUC6 and Olfactmedin 4 was performed using a VENTANA BenchMark XT automated staining instrument (Ventana), according to the manufacturer's instructions. IHC for CD204, ALDH1 and CD44 was performed using an Autostainer (DAKO), according to the manufacturer's instructions. Very small specimens included in some biopsy cases were excluded from the evaluation of IHC.
Evaluation of immunohistochemistry
Only unequivocal nuclear staining with p53, cytoplasmic staining with ALDH1 and Olfactmedin 4 and membranous staining with CD44 antibody were considered positive and classified according to the percentage of stained adenoma cells. A result was considered positive when at least 10% of the cells were stained. To evaluate the proliferative activity of adenoma, Ki-67-positive nuclei were counted microscopically with a 409 objective lens among all adenoma cells in the biopsy specimens, and they were expressed as Ki-67 labeling indices (LIs). There was inaccuracy in counting nuclei or cell numbers due to overlap in some areas, and estimation of Ki-67 LI occurred. As such, estimated Ki-67 LIs were adjusted to the Ki-LIs categorized by every 10% from 10 to 100%. Adenomas were classified into two subgroups: high LI adenomas, for which the Ki-67 LI was 50% or larger, and low LI adenomas, for which the Ki-67 LI was less than 50%. We defined an adenomatous gland containing more than 80% of Ki-67 positive cells as a highly proliferative gland and adenomas that contain ten or more highly proliferative glands as highly proliferative adenomas (HPA). Ki-67 LIs were calculated independently by two pathologists (KK and KT), and consensus interpretation was made when there were discordant results.
TAMs were identified as CD204-positive cells having oval to round nuclei with strong membranous/cytoplasmic, but no nuclear staining. TAM numbers in three hot spots were counted by the above-mentioned two pathologists independently using a 409 objective microscopic lens. The area of adenoma stroma was measured using a DP27 digital camera (Olympus, Tokyo, Japan) and software.
Phenotypic analysis of adenomas
Phenotypes were classified into four types: gastric (G), intestinal (I), gastric and intestinal mixed (GI) and unclassified (N). Gastric adenomas in which more than 10% of the cells displayed at least one gastric epithelial cell marker (MUC5AC or MUC6) or intestinal epithelial cell marker (MUC2 or CD10) were classified as a G or I phenotype, respectively. Those that showed both G and I phenotypes were classified as a GI phenotype, and those lacking both phenotypes were classified as a N phenotype [29] .
Statistical methods
Correlations between clinicopathological items and IHC results for each stain were analyzed by chi-squared test. Univariate and multivariate analysis of risk factors for Long-term follow-up study of gastric adenoma; tumor-associated macrophages are associated to… 931 adenocarcinoma were done using a logistic regression analysis model. Risk factors at multivariate analysis were selected by the stepwise method. The odds ratio (OR) and 95% confidence interval (CI) were estimated from the logistic regression analysis. Statistical analyses were performed with JMP v. 9 (SAS Institute, Cary, NC, USA). In 
Results
Clinical and histopathological findings
Schematic figures of the follow-up data for all adenoma cases is illustrated in Supplementary Fig. 1 (group A) and Supplementary Fig. 2 (group B) . Figure 1 shows the macroscopic and microscopic reports at (a) 3, (b) 6, (c) 10 and (d) 12 years after the first examination of A4 adenoma, in which well-differentiated adenocarcinoma developed after about 20 years of follow-up. This adenoma at the first endoscopic examination looked whitish and was described as a 7-mm-sized Yamada polyp-I, flat elevated type, which was located in the posterior wall of the pylorus area (L portion). A depressed lesion was observed at the second biopsy taken after 7 months. Endoscopic follow-up continued until the 213rd month when adenocarcinoma emerged, and it was followed by distal gastrectomy performed at 218th months. In total, biopsy was performed 25 times before adenocarcinoma developed, and all adenomas were assessed as low grade with mild nuclear atypia. Not only A4, but also A9 developed adenocarcinoma after a long-term follow-up (about 20 years). Both of the resected lesions were intramucosal differentiated type adenocarcinomas surrounded by tubular adenoma. Table 1 shows clinicopathological features of both groups and their adenomas at the first biopsy. There was no significant difference in age at the first biopsy. On average, 1.73 biopsy samples were taken from one tumor with no statistical difference between the two groups. The mean adenoma sizes of 14 group A adenomas and 11 group B adenomas were 9.9 and 18.6 mm in size, respectively, with a significant difference (p = 0.02). They were followed for 3212 days on average (1934-7117 days) in group A and for 69 days on average (5-323 days) in group B adenomas. A macroscopic depressed area was found in 2 (7.1%) of 28 group A and in 7 (30.4%) of 23 group B adenomas (p = 0.03). Microscopic severe nuclear atypia was only found in group B adenomas (7/23, 30.4%) with a statistical difference (p \ 0.0001). Long-term follow-up study of gastric adenoma; tumor-associated macrophages are associated to… 933
Immunohistochemical analysis of adenomas
To further validate the characteristics of each group, we performed IHC for Ki-67 and p53. As for p53 IHC, only two of group A and three of group B adenomas showed focal or diffuse nuclear positivity. In other adenomas, p53 positivity was observed sparsely, and there was no significant relation between p53 IHC and nuclear atypical grade or adenocarcinoma development. We also evaluated CSC markers, such as ALDH1 and CD44, and Olfactomedin 4, which are known as cancer-specific genes in gastric cancer tissue [30] . All of them showed no significant difference between the two groups (data not shown). Mean Ki-67 LIs were 31.4% in group A and 39.0% in group B adenomas with no statistical difference. However, high Ki-67 LI adenomas and HPA were more frequently detected in group B than group A adenomas (high Ki-67LI p = 0.02; HPA p = 0.04; Fig. 2 ; Table 2 ). In A4 and A9 adenomas, Ki-67 LI increased gradually during follow-up (data not shown).
As for mucin phenotypes, group A adenomas tended to show the I phenotype (p = 0.03) and group B adenomas the G phenotype (p = 0.02; Fig. 3 ; Table 2 ). These data indicated that evaluation of mucin phenotypes in adenoma can be useful for detecting high-risk adenomas, and this was consistent with previous reports [7] .
TAM number in gastric adenomas
Mean TAM numbers were 21.8 in group A and 49.9 in group B adenomas with a statistical difference as well as mean TAM numbers per 1 mm 2 (p \ 0.0001, Fig. 4 and Table 2 ). Areas of stroma measured in adenoma were 7.0 and 6.9 9 10 4 lm 2 , respectively, with no statistical difference. In A4 adenoma, the TAM numbers in the areas of adenoma stroma at initial biopsy, 70, 121 and 199 months were 24, 23, 60 and 40, respectively, while adenoma remained low grade. In A9 adenoma, the TAM numbers at initial biopsy, 74, 128 and 175 months were 11, 16, 58 and Table 2 ), indicating a mutual interaction between TAMs of stroma and the proliferative activity of adenoma cells, which was a novel finding.
Discussion
Gastric adenoma is regarded as a benign epithelial tumor and thought to possess a low malignant potential [31] . However, some adenomas progress into adenocarcinomas within a short time period, whereas others remain unchanged for a long time [8] . Although several groups have put forward important factors that are correlated with the development of gastric adenocarcinoma from adenoma, the definite factors that lead to a transformation to adenocarcinoma are still unclear. In the present study, two group A adenomas and all group B adenomas developed adenocarcinoma. We demonstrated the risk factors of group B adenomas that harbor synchronous adenocarcinoma or that transform to adenocarcinoma in a short time period. To our knowledge, the follow-up period of our series (mean 8.8 years, group A) is the longest compared to those of previous reports. Concerning the macroscopic findings, the presence of a depressed lesion and tumor size were correlated with malignant transformation of adenomas, consistent with previous studies [32] . In the microscopic findings, the presence of moderate or severe atypia, not severe atypia only, was evaluated as an independent risk factor by multivariate analysis in the present study. This is a novel finding and may emphasize the importance of performing an accurate morphological analysis. Limitations of our study include the fact that we examined small biopsy specimens and almost all cases diagnosed as adenocarcinoma had an additional operation in another hospital, which makes it difficult to indicate the detailed distribution and depth of invasion. Mori et al., studying adenocarcinomas that emerged from adenoma with more than 3 years of follow-up, showed that all the resected lesions were intramucosal adenocarcinomas [33] . In the present study, resected lesions of group A (A4 and A9) were also intramucosal adenocarcinomas.
Several lines of evidence have suggested that the mutations of TP53 and CTNNB1 genes contribute to gastric carcinogenesis [34, 35] . A small proportion of gastric carcinomas may be caused by a specific germline mutation of the CDH1 gene. In the present study, scattered nuclear staining of p53 was found in most adenomas regardless of the group. There were no significant differences in the p53, ALDH1, CD44 or Olfactomedin 4 IHC between the two groups (data not shown). However, our results revealed the significance of the distribution of proliferative cells, not LI itself [36] . Katakura et al. reported that Ki-67 positivity in surface epithelium was significantly higher in intramucosal carcinomas compared to adenomas in resected specimens [32] . They indicated the loss of polarity of proliferating cells in adenocarcinomas. In the present study, highly proliferative glands may indicate the loss of polarity of proliferating cells and they were found more frequently in group B. Therefore, adenomas with a loss of polarity of proliferating cells could favor carcinoma development.
Further studies should be performed in the near future to elucidate the role of several genes such as CTNNB1 and CDH1 in gastric adenoma. Gastric adenomas have been known to predominantly express an I phenotype, whereas adenocarcinomas predominantly express a G phenotype. Nishimura et al. reported that low-grade adenomas with I phenotype may progress to high-grade adenomas, but rarely become intramucosal adenocarcinoma [36] . In the present study, group A adenomas showed the I phenotype more frequently, but group B adenomas showed the G phenotype more frequently than the opposite group adenomas. Two group A adenomas that developed adenocarcinoma after a long follow-up showed the I phenotype at the initial biopsy. These data may suggest that low-grade adenomas with the I phenotype have a low potential to progress to adenocarcinoma.
There have been no reports regarding the significance of TAMs in gastric adenoma. We found that the TAM numbers in the stroma of adenoma were significantly larger in group B, and there was a significant correlation between TAM numbers and the proliferating activity of adenoma cells. These findings may indicate that TAMs and adenoma cells interact with each other in carcinoma development of gastric adenoma. The TAM number, not only moderate or severe atypia, was evaluated as an independent risk factor by multivariate analysis (Table 3) . In A4 and A9 adenomas, TAM numbers tended to increase gradually during follow-up. These findings indicate that the TAM function may precede the morphological change of adenoma cells. In this study, obvious differences were demonstrated between group A and group B except for age at the first biopsy, which supports the perception that some differentiated gastric adenocarcinomas may not develop through the sequence from group A to group B. We conclude that harboring or progressing to adenocarcinoma in a short time could be suggested macroscopically by the tumor size and presence of a depressed lesion of the adenoma. The presence of a gastric phenotype, moderate or severe atypia, and TAM numbers are critical microscopic findings that suggest carcinoma development regardless of the follow-up duration. Detecting these factors alerts a patient to the high possibility of carcinoma and to undergo the necessary treatment. The significance of TAMs in an adenoma-carcinoma sequence is a novel finding, and the role of TAMs in carcinoma development should be further elucidated.
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